Introduction: Few studies have examined the secondary insertion of orthodontic miniscrews after failure of the first insertion. We investigated both the primary and secondary success rates of miniscrews used for maxillary anchorage and compared the stability of the maxillary buccal area (MB) and the midpalatal suture area (MP). Methods: In total, 387 miniscrews were primarily inserted into the MB (between the second premolar and first molar); of these, 81 (20.9%) miniscrews lacked stability and were reinserted into the MB (same position or more distal position) or the MP. Additionally, 84 miniscrews were primarily inserted into the MP; 13 (15.5%) of those lacked stability and were reinserted into the MP. We calculated and compared the primary and secondary success rates in each area. Moreover, we investigated the factors affecting clinical success. Results: Although the success rate of the secondary insertion was significantly lower than that of the primary insertion into the MB, miniscrews inserted into the MP were stable in both primary and secondary insertions. The screw length was significantly associated with the stability of miniscrews inserted into the MB. Conclusions: For secondary insertions, miniscrews placed in the MP may be more stable than those inserted in the MB. (Am J Orthod Dentofacial Orthop 2018;153:54-60) 
A nchorage control is one of the most important factors in orthodontic treatment. Recently, the paradigm of anchorage control has shifted toward temporary anchorage devices. [1] [2] [3] [4] In particular, miniscrews have become a popular method for achieving maximum anchorage without compliance from the patients because miniscrews can be inserted into the bones rapidly and easily. 5 With regard to maxillary anchorage, some previous studies have reported the use of miniscrews inserted into the molar buccal area (MB) (between the second premolar and first molar) 2, 4 and the midpalatal suture area (MP) 1 to prevent mesial movement or to distalize the molars. Moreover, several studies have indicated that MP implants are more stable than MB implants, because the MP has good bone quality (high bone density and thick cortical bone). [6] [7] [8] [9] [10] Since there are no major nerves and blood vessels to contraindicate the placement of surgical miniscrews, the MP has been recommended as a possible placement site for miniscrews. 11 However, there are several complications related to the use of the miniscrews; for example, they can be unstable before achieving their purpose. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Therefore, it is important to understand the success and failure rates of miniscrews, the suitability of insertion sites, and the risk factors for their loss.
The risk factors associated with the instability of miniscrews can be categorized into host factors (age, 26 sex, 12 oral hygiene, 12 cortical bone thickness, [27] [28] [29] [30] root proximity, 27, 31 and the jaw receiving the insertion [maxilla or mandible] 14, 32 ), miniscrew factors (make, 12 shape, 33 diameter, 12 and length 34 of the screws), and surgical management factors (insertion torque, 28 angle, 27 and placement site 30 of miniscrew insertion). Although many factors seem to affect success and failure rates, there is little evidence to support their proposed influence. Therefore, further clinical studies are necessary to provide information that will facilitate achieving more predictable results with miniscrews. For various reasons, some screws are lost, albeit at a low frequency, before they can achieve their purpose. When miniscrews are lost, they can be reinserted, or the treatment plan can be changed, including switching to other appliances for anchorage control. 35, 36 Although many previous studies on miniscrews have analyzed their use in primary insertions, there are few follow-up studies on their secondary insertions. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] We recently investigated the secondary success rate in the buccal areas in both the maxilla and the mandible; on the buccal side, secondarily inserted miniscrews showed greater instability than primarily inserted miniscrews, whereas the significantly higher failure rate of secondary insertion was not site-specific. 37 Nonetheless, in our previous study, we did not consider miniscrews that were inserted into the MP. 37 The purposes of this retrospective study were (1) to investigate the success rates of primary and secondary insertions of orthodontic miniscrews used for maxillary anchorage, (2) to compare the stability of miniscrews inserted into the MB and the MP, and (3) to consider the risk factors associated with their instability.
MATERIAL AND METHODS
The study design was approved by the ethical committee of Tokyo Medical and Dental University (approval number D2016-029) and conformed to the tenets of the Declaration of Helsinki. All patients provided written informed consent to participate in the study.
This study included 238 consecutive patients (62 men, 176 women) aged 27.9 6 8.4 years (mean 6 standard deviation), who underwent surgery for the insertion of orthodontic miniscrews in the maxillary MB or MP for orthodontic edgewise treatment at the orthodontic department of Tokyo Medical and Dental University from July 2012 to January 2016. Of a total of 471 miniscrews, 387 were inserted into the MB, and 84 were inserted into the MP.
Thereafter, titanium miniscrews (Dualtop; Jeil Medical, Seoul, Korea) were inserted. We used miniscrews with different diameters (1.4 or 1.6 mm for the MB, 1.6 or 2.0 mm for the MP) and lengths (6.0 or 8.0 mm). Before surgery, 3-dimensional computed tomography images were obtained for all subjects, and the anatomic features (root proximity, cortical bone thickness, and maxillary sinus) were analyzed. Furthermore, we determined the miniscrew placement site and selected the diameter and length of the miniscrews required to avoid injuring the dental roots and to minimize damage to the surrounding tissues. When sufficient space for insertion of the smallest miniscrew that we used (1.4 3 6.0 mm) was observed between the maxillary second premolar and first molar, we inserted a miniscrew into the MB between these teeth. However, when the dental roots were too close to allow sufficient space for insertion of the smallest miniscrew (1.4 3 6.0 mm), we inserted 2 miniscrews into the MP (between the maxillary second premolars and second molars) and used a transpalatal or lingual arch appliance for reinforcement (Fig 1) .
After anesthetic infiltration, all miniscrews were inserted by flapless surgery using the self-drilling procedure. After surgery, analgesics, antibiotics, and 0.12% chlorhexidine mouthwash were prescribed. When miniscrews were inserted into the MB, we confirmed that they did not contact the neighboring dental roots by obtaining periapical x-ray images.
If a miniscrew lacked stability, it was removed, and a new miniscrew of the same or a different size (with a change in diameter and length) was reinserted into the same or another location. For reinsertion of a miniscrew after failure of the primary insertion into the MB, there were 3 options: (1) reinsertion into the MB between the same pair of teeth 1 to 2 months after the failure of the first insertion (not entirely the same position as the first insertion, but with a change in the mesiodistal position, height, and insertion angle), (2) reinsertion into the MB between the first and second molars, and (3) insertion into the MP.
When miniscrews that were first inserted into the MP lacked stability, we reinserted them, with a change in the mesiodistal position, either immediately or 1 to 2 months after removal of the first miniscrew.
Statistical analysis
We calculated the success and failure rates of primary insertion into each site (MB between the second premolar and first molar, or the MP). We defined success using these criteria: (1) no inflammation of the soft tissues surrounding the miniscrews, (2) no clinically detectable mobility, and (3) anchorage function sustained after 1 year of orthodontic loading. 10, 37 The screws that did not meet these criteria were considered failures. Furthermore, we calculated the secondary success and failure rates of the reinserted miniscrews, and statistically compared the primary and secondary success rates for each insertion site.
The chi-square test was performed to compare differences in the success rates of primary and secondary insertions according to the classification of each clinical variable. With regard to secondary insertion (reinsertion), we compared the success rates between insertion into the same and a different location. With regard to secondary insertion in the same location, we compared the success rates among insertion of a new miniscrew immediately, or 1 month, and 2 months after removal of the first miniscrew.
All quantitative analyses were performed with the Statistical Package for the Social Sciences software (release 10.0; SPSS, Chicago, Ill). Statistical significance was set at P \0.05, and multiple comparisons were performed with the Bonferroni correction.
RESULTS
Over a 1-year period after insertion, the primary success rate was 79.1% (306 of 387 screws) for all miniscrews inserted into the MB (between the second premolar and first molar), whereas 20.9% (81 of 387 screws) of insertions were considered to have failed. However, with regard to the MP, the success rate was 84.5% (71 of 84 screws), and 15.5% (13 of 84 screws) of the screws lacked stability. There was no significant difference between the primary success rates for the MB and MP (Fig 2) .
In terms of primary insertions, we found that screw length was significantly associated with the success or failure of the primary insertion into the MB (Table I) . The success rate when using 8.0-mm screws (85.6%) was significantly higher than that with 6.0-mm screws (72.5%). However, sex, age, and screw diameter showed no significant associations with the success or failure of primary insertions into the MB. Moreover, there was no significant correlation between the success or failure rate of primary insertions into the MP and the clinical parameters (Table II) . With regard to insertion into the MB, among the 81 failures of primary insertions, 62 screws were reinserted into the MB between the same pair of teeth as the first insertion (between the second premolar and first molar), but the mesiodistal position, height, and insertion angle were changed. The insertion site was changed for 19 screws: 10 screws were reinserted between the first and second molars, and 9 screws were inserted into the MP. When the insertion location was changed from the MB to the MP, 2 screws were inserted, and they were combined with lingual arch appliances; thus, 18 screws were inserted into the MP.
The secondary success rates were 58.1% (36 of 62 screws) for the MB between the second premolar and first molar, 60.0% (6 of 10 screws) for the MB between the first and second molars, and 88.9% (16 of 18 screws) for the MP. The secondary success rate of insertion into the MB between the same pair of teeth as in the first insertion (58.1%) was significantly lower than the primary success rate (79.1%; P 5 0.01; Fig 3) . In the comparison among the 3 locations of secondary insertion, the success rate for the MP (88.9%) was significantly higher than that for the MB between the second premolar and first molar (58.1%; P 5 0.016; Fig 4) .
However, in terms of insertion into the MP, all 13 primary failed screws were reinserted into the MP, with a slight mesiodistal positional change. Consequently, the secondary success rate was 76.9% (10 of 13 screws). There was no significant difference between the primary and secondary success rates (Fig 5) . For miniscrews inserted into the MB between the second premolar and the first molar, and the primary and secondary insertions into the MP, the results of the chi-square test are shown in Tables III and IV. For secondary insertion into the MB, the success rate when using 8.0-mm screws (71.4%) was significantly higher than that with 6.0-mm screws (40.7%). Other clinical parameters showed no significant associations with the success or failure of secondary insertions. Likewise, there was no significant correlation between the success or failure rate of reinsertion into the MP and each clinical parameter.
DISCUSSION
Recently, we reported that the secondary success rate for insertion of orthodontic miniscrews was significantly lower than the primary success rate, when the miniscrews were inserted into the alveolar bone on the buccal side. 37 In this study, we further investigated primary and secondary insertions into the MP compared with Comparison of the primary and secondary success rates in the MB. The secondary success rate was significantly lower than the primary success rate (*P \0.05).
Fig 4.
Comparison of the success rates among 3 locations for secondary insertion after failure of the primary insertion into the MB. The success rate for insertion into the MP was significantly higher than that into the MB (between the same pair of teeth as in the first insertion) (*P 5 0.016; Bonferroni correction). MB/same, MB reinsertion between the second premolar and first molar; MB/different, MB reinsertion between the first and second molars; NS, not significant.
insertions into the MB. Although the secondary success rate for insertion into the MB was significantly lower than the primary success rate (Fig. 3) , there was no significant decrease in the success rate for secondary insertion into the MP (Fig 5) .
When a miniscrew lacks stability, the options are generally to reinsert it into the same location or another location. In this study, there were 3 options available for secondary insertion: the same position, a more distal position, or a different location (the MP. Interestingly, there was no significant difference between the success rates of reinsertion into the same location (between the second premolar and first molar) or a different location (between the first molar and second molar) in the maxillary buccal alveolus; the failure rates in both locations were high. However, good stability was obtained with secondary insertion into the MP (Fig 4) . Based on these findings, the MP might be a suitable place for miniscrew insertion, particularly for secondary insertion, although there were no significant differences between the MB and the MP as the site for the first insertion (Fig 2) .
Orthodontic miniscrews are supported by mechanical interdigitation with the surrounding bone tissue. Therefore, the stability of a miniscrew is always poor in the MB in subjects with compromised bone quality, including cortical bone thickness and bone density, even though the insertion position in the MB was changed. 27, 28, 30, 38 Moreover, restrictions imposed on the insertion site by the position of dental roots, sinus, attached gingiva, and movable mucosa may further reduce the already low success rate of reinsertion. In contrast, for the MP, we speculated that good retention may be obtained with secondary insertion because this region has both thin soft tissue and thick cortical bone. 11 Moreover, it is possible to change the insertion position freely in the MP, since there are no interfering morphologic structures.
11
In our clinical setting, we reinserted the new miniscrews into the same location as the first insertion 1 to 2 months after we removed the first miniscrews. However, we reinserted the new screws into a slightly Comparison of the primary and secondary success rates in the MP. There was no significant difference between these success rates. NS, Not significant. different position from the first insertion, with changes in mesiodistal position, height, and insertion angle. Therefore, even for reinsertion 1 to 2 months after removal of the first miniscrews, the effect of bone healing (which usually takes 3-4 months) may be small. Our findings that there were no significant differences between the success rates of reinsertion into the same or a different location in the MB also seem to support this hypothesis. Moreover, the high failure rate of secondary insertion into the MB may be affected by plaque control and inflammation around the screw. Food bolus and plaque may accumulate around the edge of the appliance and the miniscrew on the buccal side. 12 Therefore, if the insertion site in the MB was changed in a subject with poor oral hygiene, the plaque around the miniscrews may lead to inflammation and early destruction of the surrounding bone tissue. However, we speculated that accumulation of the bolus and inflammation of the mucous membrane are less likely to occur in the MP. Nevertheless, clinicians should consider that the secondary success rate for insertion into the MB is not high after failure of the primary insertion. Since reinserted miniscrews lack stability in the MB, changing the site for the secondary insertion to the MP may be a good option for gaining maximum anchorage.
In terms of risk factors influencing the failure of miniscrews, we found that screw length significantly influenced the stability of insertions into the MB. The 8.0-mm screws were significantly more stable than the 6.0-mm screws for both the primary and secondary insertions. An increase in the depth of miniscrew penetration has been reported to increase retention. 35 As orthodontic anchorages, miniscrews are not osseointegrated with the bone; their stability is essentially supplied by the mechanical interdigitation of the screw with the surrounding bone. Therefore, longer screws would be more stable, because the area of interdigitation with the bone tissue is greater. In secondary insertions, the success rates with 8.0-mm (71.4%) and 6.0-mm (40.7%) screws were markedly different. Therefore, clinicians should choose longer screws for secondary insertions into the MB.
Unfortunately, this was not a randomized controlled trial. The sizes of the miniscrews were chosen with consideration of the distance from dental roots and bone tissue structures based on 3-dimensional computed tomography to avoid root injury and to minimize damage to the surrounding tissues. Therefore, the relationships among the length, diameter, and stability of orthodontic screws are not clear. Several previous studies have shown that the diameter and length of miniscrews were not important for their stability. 14, 32 Further studies with a randomized controlled trial design and a large sample size are necessary to evaluate the possible associations.
CONCLUSIONS
In our study, the success rate of reinsertion of miniscrews for maxillary anchorage was compared with that of primary insertion in each insertion area. Our main findings are as follows.
1. The secondary insertion success rate was significantly lower than the primary insertion success rate in the MB. 2. When the first insertion in the MB failed, the success rate for reinsertion into the MP was significantly higher than for reinsertion into the MB. 3. In the MP, good stability was obtained for both primary and secondary insertions. 4. The 8.0-mm miniscrews were significantly more stable than the 6.0-mm miniscrews for both primary and secondary insertions into the MB. 5. Since reinsertion of miniscrews into the MB is more likely to cause instability, it is advisable to change the site for a secondary insertion to the MP and to use longer miniscrews for insertion into the MB to enhance anchorage. 6. Reinserted miniscrews were significantly more stable in the MP than in the MB. Moreover, there was a tendency for higher stability for the primary insertion. Thus, it seems clear that miniscrews should generally be inserted into the MP rather than the MB.
